Abstract-Engaging school children early in STEM activities plays an important role in their choice to study engineering in later years. This paper describes a pilot project where Remote Access Laboratory technology at a university is employed in an inquiry-based learning activity with elementary school children in Japan and Australia. Investigation into how RAL technology facilitated collaborative learning in the K-12 demographic was then examined. Children in Japan designed a track that was constructed by their peers in Australia. The Japanese students then navigated the track in Australia with remotely controlled robots using the RAL system. A number of camera feeds allowed the students to observe the robots and the track. Both groups of students, as well as the participant researchers, took part in coconstructed focus group discussions after the event. A thematic analysis indicates that these activities provide students with opportunities for rich learning experiences in science, math and technology. Engaging young children in STEM activities provides a strong pathway to a better understanding of science concepts and ultimately a career in engineering.
INTRODUCTION
The integrated use of Information and Communication Technologies (ICTs) in teaching and learning is recognised as an increasingly important pedagogical approach at all levels of education. In this paper, the authors describe the second phase of a pilot project in which ICTs, in the form of remote access technology, were employed in an inquiry-based learning activity with elementary school children in Japan and their peers in Australia. The learning activity consisted of a threeday program in which children in a Japanese international school designed a course around which remotely driven robots could be navigated. The children employed a range of mathematical skills and knowledge to collaboratively negotiate the development of the course within specified guidelines. The students also utilised Science Inquiry Skills in the form of data collection and analysis as they evaluated the robot's handling characteristics and the performance requirements inherent in their track design. Once plans were drafted, aspects were checked for performance and designs were finalised, digital copies of the design plans were sent electronically to a group of school children in Australia. The Australian participants then used their mathematical interpretation skills to evaluate the designs received and decide on the most appropriate track for the location in which it was to be constructed.
Then, facilitated by Engineering and Education academics at the host university, the children constructed the chosen track by decoding the scale design, making necessary adjustments along the way. Australian participants then communicated their feedback on the suitability of each track and their reasons for the selection of the eventual design to their Japanese counterparts and provided details of the adjustments made to the final version of the track constructed, providing a virtual video 'walk-through' of the completed design. The children in Japan then drove the robots through the courses in Australia from their classroom in Japan, using remote access technology. The children in Australia provided live audio and visual guidance and encouragement as each driver remotely negotiated the track. Both groups of children then participated in co-constructed focus group discussions. The Japanese students also participated in extended written critical reflection activities during and following participation in the learning activity.
A thematic analysis of the focus groups and written reflection indicates that the remote manipulation of real objects provided these children with opportunities for rich learning experiences in science, maths and technology. The researchers and teachers then mapped the learning outcomes to the relevant local and national curriculum documents to demonstrate the potential for enhanced learning and teaching opportunities for elementary school age children in the areas of STEM which may not always be possible due to geographic location, teacher expertise or budgetary constraints.
The rest of this paper describes the activity and reports the initial findings based on analysis of student and participantresearcher feedback.
II. ENGAGING IN STEM USING ROBOTS Science, technology, engineering and math (STEM) literacy is recognized as an important resource for economic sustainability in modern economies [1] . Developing sophisticated knowledge in STEM areas is also recognized as important for young peoples' success in an increasingly information-rich world [2] .
Students do not need to rely on natural ability to adequately prepare them for such STEM-related careers; rather, the requisite skill sets are entirely learnable. Research demonstrates that it is most effective if these skills are established by the time students reach high school [3] . The key to successfully teaching engineering and scientific methods and techniques to young learners is to engage their interest. In Nelson's study [3] , robotics experiences were found to be useful in this respect. There have been a number of other programs and curricula developed which employ robotics in this was with young students from the age of 10 upwards [4] [5] [6] [7] [8] [9] or even younger [9, 10] .
Robotics seems to fascinate all students due to its crossdisciplinary approach and its popularity in movies [11] . This applies to students who are naturally reserved and cautious, and particularly, of all the technology areas, robotics has a very high fascination impact for women. To be effective, the integration of this technology needs to span all levels of school from kindergarten to university level [11] .
Getting students engaged in STEM from an early age, and building a foundation of STEM knowledge, is a critical step in getting students to aspire to a STEM-related career and increasing enrolment in STEM related subjects at the senior secondary level and university [12] . Many authors (for example [13, 14] ) report the rapid growth and wide use of robots as an educational tool to introduce school children, ranging from the primary grades through secondary school, to STEM disciplines that are affected by decreasing enrolments in universities. The two main approaches used to implement robotics in an educational setting are: embedded in the curriculum; and extracurricular.
The USQ Robot RAL-ly concept is clearly extracurricular in its trials but the proposal is to extend this to embed the technology into the curriculum. The hands-on nature of robotics, together with access to and affordability of robot kits, has greatly enhanced the teaching of STEM concepts within the curriculum [13] . Lye, Wong, and Chiou [14] evaluate a robot kit that enables students to access the technical world in a non-engineering focused way. Their hypothesis is that once the initial fascination evaporates, and students have acquired a basic understanding of the technology, teachers will have removed one of the main barriers to students learning more advanced topics such as programming and electronics.
Lye, Wong, and Chiou [14] , suggest that using robots as an educational tool should be seen as a sustainable, long term, and progressive enterprise, spanning the primary school to preuniversity level, and not a one-off activity. They report some concern that educational robotics may simply be used as a oneoff project for the sole purpose of participating in some of the many currently available competitive events (for example RoboCup Junior and First Lego League which now involve thousands of kids worldwide [13] ).
So what are some suggestions of how to effectively introduce robotics into school curriculum? Similar to Problem Based Learning (PBL), it seems that contextual immersive learning afforded by real life scenarios is critical to provide a purpose to the learning and to engage students [12] . This strategy has the added bonus of also highlighting potential careers in STEM, and particularly engineering. Mathers, Pakakis, and Christie [12] found that primary students absorbed more information in the engaging STEM learning opportunities afforded by the scenario-based program. They also found the kinaesthetic nature of the learning with robots in context created a memorable learning and sensory experience. Further, the scenarios also supported the development of teachers' skills in hands-on delivery and improved their confidence in teaching science and technology. This is essential since teachers need to develop of their own STEM knowledge/capability and build confidence in their own ability to engage students in effective STEM learning [12] .
Teachers are an important ingredient in getting students enthusiastic about STEM and associated career choices and their views hold serious implications for the perceived role of engineering in the curriculum [15] . They believe that understanding teacher's views and perceptions is crucial to the long term integration of STEM into the curriculum. Nathan, et al. [15] studied the impact of teacher instruction and professional development training on their beliefs, views and expectations regarding engineering and career success of nascent pre-college engineering. It was found that students' academic achievement weighed heavily on teachers' decision making about who should enrol in future engineering classes and their predictions of who would be most likely to succeed in an engineering career. Teachers also favoured high socioeconomic status (SES) students and predicted more career success for this cohort in STEM-related careers [15] .
III. UTILITY OF REMOTE ACCESS

A. Remote Access Laboratories
In order to provide remote access, this initiative relied heavily on the Remote Access Laboratories (RAL) project initiated by the Faculty of Engineering and Surveying at the University of Southern Queensland. The experimental hardware and remote vision equipment would rely directly on RAL for delivery of the remote experience to the Japanese children irrespective of national or international borders.
B. Robots and Technical Learning Platform
The learning event would focus on the remote access of a physical robotic device. For this work, small mobile wheel and track based robotic devices were used. These consisted of 4 (2 active, and 2 spare) WowWee™ Rovio wheel based robots [16] .
Previous work utilized unmodified Meccano™ SpyKee WiFi enabled track-based robots [17] constructed in a familiar humanoid form factor, however technical difficulties in maintaining these robots over the course of a day's events prevented them from being used in this event.
The Rovio robots that were used featured motion control, on-board camera, a removable and swappable battery for continuous operation, and WiFi connectivity. These robots were hosted on a custom WiFi connection, and connected to the RAL environment through two dedicated PC type computers able to be booked and accessed separately via the RAL booking system. Through this arrangement, two robots could be remotely booked, and controlled, with live video feeds streamed back to participants of the first person view from each robot. Additional robots were present in the room and could be controlled by local participants directly without the use of the RAL environment.
In order to provide a more holistic view of the operating and driving environment, two high resolution IP (Internet Protocol) cameras showed a view from each end of the driving arena, and were available for viewing through an inbuilt public "Experiment Camera" web page as part of the RAL.
This approach allowed full control of the robots using both first person, and 3rd person views, similar to expectations for mobile robotics under remote control, and providing familiar viewing options of the arena.
The added degree of freedom the Rovio robots provided over the SpyKee increased the complexity of the learning task, and the reliability of the driving sequences.
The arena track used for this research was 7m x 4m, and incorporated space for the IT infrastructure to connect to the RAL environment, the "track" that would be later built locally, as well as repair, and recharge areas for the robots.
IV. LEARNING APPROACH One of the key aims of this work was to explore how RAL related technologies could improve STEM teaching and training. A second, yet vital, aspect was the exploration of this technology training outside technology and science centric fields. Thus the applicability of RAL technology for nontechnical teaching is seen as a new and emerging application of remote technologies.
In order to explore and expand the pedagogy of RAL, particularly for primary school education, two existing teams at the university collaborated, the first being Faculty of Engineering and Surveying academics conversant in the technical applicability and configuration of RAL technologies, and the second being members from the Faculty of Education with direct interests in primary school pedagogy.
As such the design of the initial local pilot trial was informed by the priorities of the existing curriculum and teaching practices as required by the Queensland Studies Authority (QSA) [18] , the statutory body overseeing education in Queensland, Australia.
A. Design
The design was based on a social constructivist approach in which the children would be actively engaged in constructing knowledge through first-hand experience. This approach required a degree of flexibility in allowing the children to design and plan their own solutions to problems. These decisions could be made on the basis of the children's prior knowledge and interests. This can improve time-on-task and overcome limitations of purely learning facts [19] .
B. Inquiry-Based curriculum
The international school in Japan operated with the International Baccalaureate curriculum (see www.ibo.org), which adopts an inquiry-based approach to learning.
C. Familiarity with Technology
A previously identified requirement for the success of the event was to allow students to build a level of confidence through familiarity with the technology [20] . In the authors' prior work, students were permitted time to familiarise themselves with the physical robots and the control infrastructure before attempting more adept racing. In this instance, two of the authors were present at the remote site in Japan and had with them a smaller configuration of the robotic devices and netbook-type computers. This allowed local demonstration of the robots and control devices in order to afford a high degree of familiarization before attempting a purely remote control event.
D. The Activity
The activity was conducted over a period of three consecutive school days. On the first day, the two on-site researchers met with the teacher and the students in the class, and outlined what was to occur over the coming two days. During recess, the researchers tested the internet connection in the classroom as well as all of the technical equipment.
On the second day, students were introduced to the remotecontrolled robots. Students engaged with the researchers in a whole-of-class discussion about what the robots may or may not be able to do. Then students were given the opportunity to test-drive the robots. In the second session of the second day, students were placed in groups of five by their classroom teacher, and then given the task of designing a race track for the robot. Using a question and answer approach, the researchers guided the whole class through an exploration of how the track might be designed, before groups began work. In the third session of the second day, students were asked to draw their designs to scale, so that they could be emailed to students in Australia. Again, a whole class discussion about how to accomplish this was guided by the researchers. The two researchers and the classroom teacher provided support for groups who were struggling with this more challenging aspect of the task. The skills involved in designing the tracks and developing scale drawings all reflected learning objectives of the children's current maths/science curriculum.
On the third day, a group of children in Australia received the emailed scale drawings, and selected one of them to build under the guidance of the researchers there. The children in Australia then discussed with the children in Japan their reasons for choosing the track that was finally selected for construction via video-conferencing [21] . In the next session, the children in Japan each had a turn driving a robot (identical to the ones they had tested in Japan) through the constructed track in Australia, via the remote access laboratory system. Finally, both groups (in Australia and Japan) met via videoconference to discuss their experiences.
V. RESULTS AND DISCUSSION
During the initial event hosted in Australia, video footage was collected of the original event's participants including open forum sections (a reflective component of the developed program). This data-gathering program was replicated during this international version, recording reflections on aspects of the activity, as well as participant expectations and crosscultural interactions. Formal data gathered was; artefacts created by students such as draft diagrams and scale drawings and photographs of the event; video recordings at both end sites; student written reflections; focus group discussions; research team focus group discussions; and on-going dialogue between students, teachers and researchers through community web based community sites.
Whilst analysis of these sources is ongoing, recurring themes are presented here, which builds upon prior work presented just for Australian co-located students.
A. Autonomy and motivation
The challenge of the activity showed immediate appeal, as students at both ends had an increased level of autonomy compared to their usual schooling experiences, allowing freedom to be both creative, as well as push the boundaries of the implemented rule-sets for the event. The international students indicated that they saw the most challenging parts of the activity as more engaging further increasing the effectiveness of the event, allowing it to be elevated beyond merely an 'internet based' exercise.
B. Collaboration and teamwork
Because of the range of roles offered during the activity, the activity offered appeal for different learning motivations of the students. This meant that irrespective of age or technical background, students had opportunity to contribute and hence feel valued. As with the domestic version, younger children were able to build a new experience by working collaboratively with older peers. Through this, self defined and organised roles were developed to permit multi-tasking between internal participants as well as between the domestic and international teams. This was utilised in a significant manner during testing of the remote access, as well as self-organisation domestically to ensure that the local team was communicating effectively with the international participants.
This team building exercise also served to decrease frustration caused by loss of control of the robots, or poor robot steering allowing the local team to offer real-time advice and replacement of the robot as necessary. Thus it was clear that team work, both locally at each end and internationally, was able to be developed as part of this activity and through RAL.
C. Domestic and International communication awareness
All participants rapidly discovered initial communication complexities within the activity. Of particular note was the discovery of the initial detrimental effects of communication time-lag as well as variability in audio quality, how these issues changed with time, and how they directly impacted on the realtime communication utility. To counter obvious spoken language issues, and also to overcome technical communication channel issues, local participants identified that there may have been a language gap, and autonomously utilised pictographs as part of their communication strategy, representing basic command sets required to complete the task satisfactorily.
D. Problem solving and STEM learning transfer
Through the activity, students were able to learn new concepts such as "scale" and "angles", and were able to apply these mathematical principles in a new and authentic manner, increasing the believability of the exercise and its value as a learning activity. This then increased student's ability to demonstrate their relation of experience into real world situations. Students noted that they enjoyed driving the robots remotely, particularly as the complexity of the challenge increased when direct sight of the robot could not be achieved and reliance was entirely on the provided video camera feeds. Students also stated that they learnt how to drive through other mistakes, demonstrating the value of passive or active activity viewing.
Additionally, typical technical issues such as network lag time and bandwidth variability did not actually appear to detract significantly from the level of student interest and engagement, or the quality of the learning experience (QoLE) because of the appropriate activity design incorporated into the remote activity [22] .
There was a clear indication that students intuitively used the common language of mathematics to communicate both colocally, and internationally to solve problems as they arose. This consequently allows the project activity to demonstrate mathematics as an effective intercultural communication tool. This is further verified by methods implemented autonomously by students to overcome technical inadequacies of the communications technology, and inter-personal language differences.
E. Metacognitive awareness
Building upon prior experience, where student reflections identified that it was more suitable to experiment on real equipment to establish a technical language and familiarity before using it remotely, it was again demonstrated that students were able to control and place the robots on the track remotely with greater ease. This awareness was further demonstrated by international participants ensuring they could control the robots remotely by removing direct visual contact, and relying solely on localised remote access, despite being in the same room, to ensure an awareness of the issues to be faced when connecting internationally. Students also accounted for network lag issues, by utilising pairs of students to control differing aspects of the robots simultaneously, compensating for video-lag typically required to regain situational awareness of the robots position on the track.
In addition, a sense of ownership from both sides was fostered. International students gained a sense of ownership of the robots used for their training, whilst local students took ownership of the local race-track and race-robots, ensuring students at both ends remained on task for the extended duration of the activity.
F. Efficiency and effectiveness of working remotely
Staff involved in the activity, were also able to reflect on their own experience of participation, and through critical reflection yielded several common themes.
Whilst significant time was required to initially develop the pilot activity, construct the robotic systems platform and develop the activity framework, it was clear that the event was able to be re-established internationally with minimal effort, thus allowing piloting across a broad range of applications. And just as in the domestic version, cross-disciplinary interaction continued to allow refining of the learning experience due to the differing perspectives from both the engineering and educational scopes. When examining the effectiveness of the international activity version, the value of hardware experiments was reinforced through a perceived increase in student engagement over traditional software based simulations. This allowed an immediate focus on the track and the robots themselves, where operational contexts and object permanence were developed and maintained at the international site, and communication strategies could be established at the local end.
G. The strength of staff cross-disciplinary interactions
The experiments highlighted that meta-cognitive awareness appeared to be greater due to the perceived autonomy and sense of ownership of the experiment by the students. This was also heightened by the need to establish communication effectiveness between the local and international ends. Staff continued to be seen as facilitators, but more importantly, could also facilitate at a distance, both from the local to the international end and in reverse. This allowed for expansion of the technical guidance offered during the activity, but still fostered an understanding of directing questions to the 'best and most appropriate' facilitator, engineering staff for technical advice, and education staff for questions about the process and the task. This further demonstrated that the combination of technical and pedagogical expertise, even at a distance, was beneficial for the learning journey of the student.
In prior work, there was a recognition that the learning outcome would differ depending on the identified objectives, that is, an education experiment from the engineering perspective, or an engineering experiment from an education perspective. This strengths-based discourse served to allow the two discipline specific teams focus on each other's area, thus achieving a differing value from the collaboration.
Through the education/engineering collaboration, there was clear scope to promote engineering pathways at an early stage and thus build greater awareness of possible tertiary pathways into the field, but allowing for remote connectedness permits establishing these connections with students without heavy investment in infrastructure or activities by the school or student base.
VI. CONCLUSION Remote access labs (RAL) allow for wide ranging experiences defined by the activity design. As this project demonstrates, RAL also allows for rich experiences normally unobtainable with traditional activity design approaches.
Through these additional learning approaches, opportunities are developed that allow for increased STEM learning as measured through a variety of important metrics. Critically, it is achieved through leveraging common interests between the two endpoint collaborators to create contextual immersive learning afforded by real life scenarios.
Allowing student autonomy, competitive nature and aspects of enjoyment is critical to provide a purpose to the learning and to engage students. Kinaesthetic learning experiences with the robots greatly expanded the learning experience.
Additionally, we have demonstrated that RAL applications allow for international activities to be developed and, as in this case, allow for real-time international collaboration on a shared activity. Engaging young children in engineering and STEMbased activities provides a strong pathway to stronger understanding and accessibility of science concepts as the students develop.
